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PURGE VALVE FOR AN AIR-DRYING DEVICE AND AIR-DRYING DEVICE AND PRESSURIZED

AIR-BASED SYSTEM AND COMMERCIAL VEHICLE

(57)  The invention is directed to a purge valve (100)
with an integrated safety function, suitable for an air-dry-
ing device. In the purge valve a purge-valve body (102)
forms a first exhaust passage (104) for connecting an
inletline (101)to an outletline (103). A purge-valve piston
(108) is arranged inside the purge-valve body to control
a flow of exhaust air through the first exhaust passage
upon reception of a purge signal (S). The purge-valve

piston comprises a through opening (110) being config-
ured to form a second exhaust passage (112) for con-
necting the inlet line to the outlet line. A valve member
(114) is arranged in the through opening and is config-
ured to control a flow of exhaust air through the second
exhaust passage (112). The valve member is configured
to be actuated by pressurized air when a pressure value
in the inlet line exceeds a threshold actuation pressure.
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Description

[0001] The invention is directed to a purge valve ac-
cording to the preamble part of claim 1. The invention
also leads to an air-drying device and to a pressurized
air-based system and to a commercial vehicle.

[0002] Such purge valve for an air-drying device com-
prises:

- apurge-valve body forming a first exhaust passage
for connecting aninletline to an outletline connected
to an exterior of the purge valve; wherein

- a purge-valve piston is arranged inside the purge-
valve body to control a flow of exhaust air from the
inlet line through the first exhaust passage to the
outletline; wherein the purge-valve piston is actuable
upon reception of a purge signal.

[0003] US 6,730,143 B1 basically describes such a
purge valve as mentioned in the introduction. The purge
valve described therein is part of an air-dryer where des-
iccant material is periodically purged of its moisture by a
reverse purge flow of air. A purge valve is provided for
opening a purge air exhaust port that communicates with
the environment.

[0004] Further, typically it is known in the art in air-
drying devices without a dedicated safety valve, that the
purge valve can be arranged to further operate as a safety
valve. For purging, a regeneration or solenoid valve pro-
vides an air signal that causes an air pressure to act
against a spring force for opening the purge valve. In
addition to its operation in a purging phase described
above, the overpressure from the main chamber of the
air dryer acts on a smaller area of the piston against the
same spring force. A balance between both piston’s sur-
faces is designed to ensure proper sealing performance
and full opening during the regeneration phase, also re-
ferred to as purging phase. Normally, the opening pres-
sure of the purge-valve piston acting as a safety valve
has tobe set much higherthan a cut-out pressure (usually
4 bar higher) to protect the purge valve against external
leakage during normal vehicle operation. At the same
time, it assures air dryer tightness considering spring re-
laxation during its lifetime. Such a high difference be-
tween maximal device working and safety function open-
ing pressures reduces the possibility of use of integrated
safety valves, especially where no big difference be-
tween cut-out/maximal working and safety valve opening
pressure is expected.

[0005] Safety of pressurized-air based systems and
their user is a key aspect. According to Pressure Equip-
ment Directive 97/23/EC (PED), in particular in section
2.10 "Protection against exceeding the allowable limits
of pressure equipment": where, under reasonably fore-
seeable conditions, the allowable limits could be exceed-
ed, the pressure equipment must be fitted with, or provi-
sion made for the fitting of, suitable protective devices,
unless the equipment is intended to be protected by other
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protective devices within an assembly. The suitable de-
vice or combination of such devices must be determined
on the basis of the particular characteristics of the equip-
ment or assembly. Suitable protective devices and com-
binations thereof comprise:

(a) safety accessories as defined in Article 1, section
2.1.3,

(b) where appropriate, adequate monitoring devices
such as indicators and/or alarms which enable ade-
quate action to be taken either automatically or man-
ually to keep the pressure equipment within the al-
lowable limits.

[0006] Further, according to Pressure Equipment Di-
rective PED 2014/68/EU, safety accessories are devices
designed to protect pressure equipment against exceed-
ing the allowable limits (pressure, temperature, water lev-
el, etc.). The suitability of the device or combination of
devices is determined on the basis of the particular char-
acteristics of the equipment or assembly. For example,
a combination of a level gauge and a pressure relief sys-
tem.

[0007] It would be beneficial to provide a purge-valve
with integrated safety valve with less a purging function
and a safety valve function that is able to operate with
smaller pressure differences between maximal working
pressure and opening pressure of the safety valve.
[0008] The objectis advantageously solved by a purge
valve in accordance with a first aspect of the present
invention. The purge valve is particularly suitable for an
air-drying device. The purge valve comprises a purge-
valve body that forms a first exhaust passage for con-
necting an inlet line to an outlet line that connects to an
exterior of the purge valve. The purge valve comprises
a purge-valve piston that is arranged inside the purge-
valve body and configured to control a flow of exhaust
air from the inlet line, through the first exhaust passage,
to the outletline. The purge-valve piston is actuable upon
reception of a purge signal.

[0009] The purge-valve piston further comprises a
through opening that is configured to form a second ex-
haust passage for connecting the inlet line to the outlet
line. The second exhaust passage is established sepa-
rately from the first exhaust passage. Further, a valve
member is arranged in the through opening. The valve
member is configured to control a flow of exhaust air
through the second exhaust passage. The valve member
is arranged and configured to be actuated by pressurized
air when a pressure value of the pressurized air in the
inlet line exceeds a predetermined threshold actuation
pressure.

[0010] In the purge valve according to the invention a
second exhaust passage is present, which, as in the case
of the first exhaust passages, connects the inlet line to
the outlet line. Said second exhaust passage is formed
by a through opening in the purge-valve piston. The
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purge-valve piston controls flow of exhaust air through
the first exhaust passage upon reception of a purge sig-
nal. The valve member that is configured to control the
flow of exhaust air via the second exhaust passage is
located in the through opening, which is in turn arranged
and configured to bypass the valve seat of the of the
purge valve, i.e., the position where, in a closed state,
the purge-valve piston in cooperation with the purge-
valve body closes the first exhaust passage. By providing
a second exhaust passage, that is independently con-
trollable, differences between maximal working pressure
during normal purging operation and opening pressure
of the valve member acting as a safety valve in case an
overpressure is present, can be reduced.

[0011] In the following, developments of the purge
valve of the first aspect of the invention will be described.
[0012] In a preferred development, the valve member
comprises a valve-body that is formed by the purge-valve
piston.

[0013] Inanother development, the valve member that
is arranged in the through opening comprises a valve-
piston configured to actuate against a spring force of a
valve spring element. Preferably, the valve spring ele-
ment is also arranged inside the through opening of the
purge-valve piston.

[0014] In a particular development, the valve member
further comprises an adjusting nut, preferably completely
or at least partially arranged inside the through opening.
The adjusting nut has a substantially cylindrical outer
shape and comprises an annular recess for housing the
valve spring element. It also comprises a central recess
arranged and configured to house a piston rod that is
attached to the valve-piston. This provides guidance and
stability to the different elements of the valve member.
Also, the opening pressure of the integrated valve mem-
ber can be set by the spring force adjusted by the adjust-
ing nut.

[0015] In yet another development of the purge valve
of the first aspect, which may include any of the features
discussed above, the purge-valve piston comprises at
least an air-passage window that is arranged on a pe-
ripheral wall of the purge-valve piston and configured as
an air-inlet of the second exhaust passage. The air-pas-
sage window is thus connected to the inlet line upstream
and to the through opening and the outlet line down-
stream and is configured as an air-entering portion of the
though-opening upstream of the valve member that con-
trols flow through the second exhaust passage.

[0016] In another development, the purge-valve body
comprises at least one inlet window arranged on a pe-
ripheral wall of the purge-valve body and configured as
an air-inlet of the first exhaust passage. Preferably, the
air-passage window and the inlet window are arranged
in such a way that, in a closed state of the purge valve,
a distance between a purge-valve seat, controlling the
flow through the first exhaust passage, and the inlet win-
dow is less than a distance between said purge-valve
seat and the air-passage window in the purge-valve pis-
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ton. In this particular development, the position of the
inlet air-passage window is arranged to be above that of
the inlet windows during operation, thus avoiding possi-
ble oil-particles and moisture contamination at the valve
member.

[0017] In another development, the reception of the
purge signal triggers a provision of pressurized air that
exerts a pressure on a distal end of the purge-valve pis-
ton, which causes the purge-valve piston to actuate
against a spring force of a purge-valve spring element
thereby opening the first exhaust passage. Since the
purge-valve spring element is different from the valve
spring element of the valve member, in developments
including both spring element, the different opening pres-
sures can be set independently with smaller pressure
differences between maximal working pressure of the
purge-valve and opening pressure of the valve-member,
in particular acting as a safety valve.

[0018] The object of the invention is also achieved by
an air-drying device in accordance with a second aspect
of the present invention. The air-drying device is partic-
ularly suitable for drying air in a pressurized-air based
system, in particular for a commercial vehicle. The air-
drying device comprises an inlet unitfor receiving air from
an air-supply device of the pressurized air-based system.
It also comprises an outlet unit for providing dried air to
adried-air reservoir of the pressurized air-based system.
Also, the air-drying device comprises a drying unit that
includes a first port connected to the inlet unit, a second
port connected to the outlet unit and a drying chamber
arranged between the first port and the second port and
comprising a desiccant material. A purging unit is con-
nected to the first port, wherein the purging unit compris-
es a purge valve according to the first aspect of the in-
vention. The inlet line of the purge valve is connected to
the first port. The purge valve is thereby arranged and
configured to control a flow of exhaust air from the inlet
line to the outlet line through the first exhaust passage
and through the second exhaust passage. The first ex-
haust passage is opened upon reception of a purge sig-
nal, and the second exhaust passage is open when the
pressure value of the pressurized air in the inlet line ex-
ceeds the threshold actuation pressure.

[0019] The air-drying device of the second aspect of
the invention shares the advantages of the purge-valve
of the first aspect.

[0020] In the following, developments of the air-drying
device will be described.

[0021] In a particular development, the drying unit is
configured to be operated in a charging mode and a re-
generating mode. In the charging mode, the drying unit
is configured to receive air through the first port, to dry
the received air, and to provide dried air through the sec-
ond port to the outlet unit. In the regenerating mode, the
drying unit is configured to receive dried air through the
second port and to provide exhaust air through the first
port. Typically, the drying unit comprises an air-dryer car-
tridge and the dried air used in the regeneration phase
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is typically provided by the dried-air reservoir. In a par-
ticular embodiment, the drying unit comprises a twin air-
cartridge having two units. During operation, one of the
units is operated in the charging phase and provides dried
air to the dried-air reservoir and to the remaining unit,
which is then operating in the regenerating phase. After
a predetermined time, the operation of the second unit
is switched to the charging phase and the operation of
the first unit is switched to the regeneration phase.
[0022] In another development, the air-drying device
further comprising a safety valve connected to the inlet
unit and configured to allow flow of air to the exterior
when a pressure inside the air-drying device exceeds a
second predetermined threshold actuation pressure. In
the case that the air-drying device comprises a safety
valve, the valve member of the purge-valve can be used
as a second protection valve. The safety valve can be
configured to be open when a pressure inside the air-
drying device, in particular in the inlet unit, exceeds the
second predetermined threshold actuation pressure. The
value of said second predetermined threshold actuation
pressure can be set higher or lower than the threshold
actuation pressure of the valve member, depending on
which one of the safety valve or the valve member is
configured as the main protection valve or the secondary
protection valve.

[0023] Thus, in a development where the safety valve
is configured as a secondary protection valve, the second
predetermined threshold actuation pressure is higher
than the predetermined threshold actuation pressure for
allowing exhaust air through the second exhaust pas-
sage in the purge-valve piston. Conversely, in an alter-
native embodiment where the safety valve is configured
as a primary protection valve, the second predetermined
threshold actuation pressure is lower than the predeter-
mined threshold actuation pressure for allowing exhaust
air through the second exhaust passage in the purge-
valve piston.

[0024] A third aspectofthe presentinvention is formed
by a pressurized air-based system, in particular for a
commercial vehicle. The pressurized air-based system
is in particular an air-based braking system and/or an air-
based suspension system. The pressurized air-based
system comprises an air supply unit, in particular a com-
pressor, for supplying air. The pressurized air-based sys-
tem also comprises an air-drying device according to the
second aspect of the invention and that is arranged and
configured to receive air from the air supply unit, to dry
the received air and to provide dried air to a dried-air
reservoir. The pressurized air-based system also com-
prises a pressurized air-based actuator, in particular a
brake unit or a suspension unit, configured to operate
using dried air from the air reservoir.

[0025] Thus, the pressurized air-based system of the
third aspect shares the advantages of the air-drying de-
vice of the second aspect.

[0026] A fourth aspect of the present invention is
formed by a commercial vehicle that comprising a pres-
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surized air-based system according to the third aspect
and therefore it shares its advantages.

[0027] It shall be understood that the purge valve of
claim 1, the air-drying device of claim 9, the pressurized
air-based system braking system of claim 13, and the
commercial vehicle of claim 14 have similar and/or iden-
tical preferred embodiments, in particular, as defined in
the dependent claims.

[0028] It shall be understood that a preferred embod-
iment of the present invention can also be any combina-
tion of the dependent claims or above embodiments with
the respective independent claim.

[0029] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

[0030] The following drawing shows in:

Fig. 1 a schematic diagram of basically known pres-
surized air-based system with a compressed
air supply installation and an air suspension
unit for explaining the technical background
of the basic principle of layout of a pressurized
air-based system, wherein a purge valve of a
preferred embodiment can be integrated;
Fig. 2A  astructure of an airdrying-device with a safety
valve for comparison to a preferred embodi-
ment;

Fig. 2B  aschematic circuit diagram of exhausting and
purging passages of the air-drying device of
Fig. 2A as basically known;

Fig. 3 a schematic cross sectional view of a purge
valve with an integrated safety function for
comparison to a preferred embodiment;

Fig. 4 a circuit diagram of a purge valve of a pre-
ferred embodiment in accordance with the
concept of the invention;

Fig. 5 a cross-sectional view of the purge valve of a
preferred embodiment in accordance with the
concept of the invention;

Fig. 6 a schematic diagram of another pressurized
air-based system, in the form of an air-based
braking system in accordance with the con-
cept of the invention;

a schematic block diagram of a commercial
vehicle according to the concept of the inven-
tion.

[0031] Figure 1 shows a schematic diagram of a pres-
surized air-based system in the form of an air-based sus-
pension system 300, with a compressed air supply in-
stallation 10 and a pneumatic system in the form of an
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air suspension unit 90 in this case. An air suspension
unitgenerally refers to the system of tires, tire air, springs,
shock absorbers and linkages that connects a vehicle to
its wheels and allows relative motion between the two.
The same reference numbers are used for identical or
similar parts or parts with an identical or similar function,
where appropriate. This particular air suspension unit 90
exhibits anumber of bellows 91, which are each assigned
to a wheel of a vehicle, and also an air-reservoir 92, for
storing quickly accessible compressed air, typically dry,
for the bellows 91. The bellows 91 and the air-reservoir
92 are connected to a common pneumatic line forming
a header 95, which also creates the pneumatic connec-
tion between the compressed air supply installation 10
and the air suspension unit 90. A normally closed sole-
noid valve 93 is connected upstream of the bellows 91
in each case as a level control valve and a normally
closed solenoid valve 94 is connected upstream of the
reservoir 92 as a reservoir control valve. The solenoid
valves 93, 94 are arranged in a valve manifold 96 of five
solenoid valves in the present case. In a modified em-
bodiment, the valve manifold 96 may exhibit other or few-
er solenoid valves and/or solenoid valves arranged in a
two-way valve manifold. A header refers quite generally
to any kind of collecting line from which branch lines de-
part to bellows 91, a reservoir 92 and/or a line to the
compressed air supply installation 10.

[0032] The compressed air supply installation 10 is
used to operate the air suspension unit 90, or any other
suitable air-based unit, such as a breaking unit (not
shown in Fig. 1) and supplies the header 95 thereof via
a compressed air connection 2. The compressed air sup-
ply installation 10 further exhibits an air supply O for draw-
ing air, for example via a filter 0.1, and a vent port 3 to
release air, for example via a filter 3.1 into the environ-
ment. Filter 3.1 or 0.1 is positioned downstream of the
vent port 3 in the venting direction or upstream of the air
supply 0 contrary to the filling direction. The air suspen-
sion unit 90 is arranged downstream of the compressed
air connection 2 in the filling direction. The compressed
air supply installation 10 moreover exhibits an air con-
denser in the form of an air compressor 21 in a pneumatic
connection between the air supply 0 and the compressed
air supply 1, the compressor being driven by a motor M
and provided to supply the compressed air supply 1 with
compressed air. An air-drying unit 22 and, optionally, a
first throttle 31, in the form of a regeneration throttle in
this case, are further disposed in a pneumatic connection
between the compressed air supply 1 and the com-
pressed air connection 2. The filter 0.1, the air supply 0,
the air compressor 21, the compressed air supply 1, the
air-drying unit 22 and the first throttle 31 are arranged
along with the compressed air connection 2 in a com-
pressed airline 20 forming the pneumatic connection to
the header 95 in this order.

[0033] In a pneumatic connection between the com-
pressed air supply line 1 and the vent port 3 in the com-
pressed air supply installation 10, a purge valve arrange-
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ment in the form of a controllable solenoid valve arrange-
ment 40 with a solenoid part 43 and a pneumatic part 44
for releasing exhaust air into a vent port 3 is provided.
The solenoid valve arrangement 40 is configured in a
venting line 30 forming the pneumatic connection, which
may exhibit a second throttle 32 as a vent throttle be-
tween the compressed air supply 1 and the solenoid valve
arrangement 40. The solenoid valve arrangement 40 in
this case is formed with a normally closed, single solenoid
valve, which is activated via the control line 65 that pro-
vides a purge signal.

[0034] A line section of the venting line 30 forming a
pneumatic chamber on the pressure source side is ad-
vantageously provided for the pneumatic attachment of
the solenoid valve arrangement 40 and the second throt-
tle 32 to the compressed air supply line 20 to compressed
air supply 1 in this case. The connection to the com-
pressed air supply 1 between the air compressor 21 and
the air-drying unit 22 results in compressed air being
vented or purged via the venting line 30 when the com-
pressed air supply installation 10 is purged, the com-
pressed air being removed upstream of the air-drying
unit 22, to put it simply, as undried air.

[0035] It is evident from the depiction of the embodi-
ment in FIG.1 that the compressed air Supply installation
10 is configured with a solenoid valve arrangement 40
as adirectly controlled vent solenoid valve arrangement,
with which a direct connection of the entire compressed
air volume is possible through actuation via a control line
65. The symbolically represented solenoid valve of the
solenoid valve arrangement 40 is the single valve of the
solenoid valve arrangement 40. This measure allows a
quick and flexible venting of the air suspension unit 90
or of the compressed air supply installation 10, without
an additional control valve being necessary.

[0036] Figure 2A shows a schematic diagram of an air-
drying device 200 comprising an air-drying unit 208 in
the form of an air-cartridge, an air-flow control 218 unit
with the necessary pneumatic connections for connect-
ing the air-drying device 200 to a pressurized air-based
system. The air-drying device 200 comprises purge valve
230 represented as a solenoid valve that is controllable
by providing a purge signal S, and a safety valve 220,
shown in cross section in the inset of Fig. 2A. The safety
valve 220 is arranged and configured to control a flow of
air from the air-drying device 200 to an exterior thereof
when the pressure inside the air-drying device exceeds
a predetermined pressure threshold. The safety valve
220, as shown in the cross section, comprises a safety-
valve body 222, and a safety-valve piston 224 arranged
inside the safety-valve body 222 and configured to actu-
ate against a spring force of a safety-valve spring element
226. Whenthe pressure is below the predetermined pres-
sure threshold the safety valve 220 is closed. When the
pressure acting on the safety-valve piston 224 exceeds
the predetermined pressure threshold, the safety-valve
piston 224 compresses the safety-valve spring element
226 to an extent where a passage is formed that allows
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the flow of air to the exterior, thereby reducing the pres-
sure inside the air-drying device 200.

[0037] Figure 2B shows a schematic circuit diagram of
the air-drying device 200, in particular of the exhausting
and purging passages of the air-drying device 200. The
air in the air-flow control unit 218 of the air-drying device
200 can be purged upon provision of a purging signal S
that causes the purge valve 230 to open. The purged air
is directed to the environment or exterior 106 of the air-
drying device 200. If however, the air pressure in the air-
flow control unit 218 exceeds the predetermined pres-
sure threshold the piston acts against the spring force of
the safety-valve spring element 226 causing the safety
valve 220 to open thereby releasing air to the exterior
106 and causing the air pressure in the air-flow control
unit to decrease.

[0038] Figure 3 shows a schematic cross sectional
view of a purge valve 39 with anintegrated safety function
thatis part of an air-drying device (not shown). The purge
valve 39 comprises a purge-valve body 102 that forms a
first exhaust passage 104 that connects an inlet line 101
to an outletline 103 thatis in turn connected to an exterior
106 of the purge valve 39. In the purge valve 39, a purge-
valve piston 108 is arranged inside the purge-valve body
102 to control a flow of exhaust air from the inlet line 101
through the first exhaust passage 104 to the outlet line
103. The purge-valve body 102 comprises at least one
inlet window 132 arranged on a peripheral wall of the
purge-valve body 102 and configured as an air-inlet of
the first exhaust passage 104.

[0039] Operating under the main function of purging,
a regeneration / solenoid valve (not shown) provides an
air signal to open the purge valve 39. A pressure P acts
on the top 109 of the purge-valve piston 108 as indicated
Fig. 1, which acts against a spring force of a purge-valve
spring element 136. The purge-valve spring element 136
is arranged and configured to ensure tightness of the
purge valve 39 at a maximum working pressure. The
purge valve 39 is also configured to perform an additional
function as a safety valve. The pressure from the main
chamber of the drying device also acts on an annular
protrusion 138 radially protruding from the purge-valve
piston and configured to contact the purge-valve body
102 at a valve seat 134 in a closed position of the purge-
valve 39. The annular protrusion offers a lower area than
the top 109 of the purge-valve piston 108 onto which the
pressure P acts, and also acts against the same spring
force of purge-valve spring element 136. The spring force
of purge-valve spring element 136 is calculated to
achieve a proper movement of the purge-valve piston
108 for given cut-out and cut-in pressures. A balance
between the top surface 109 of the purge-valve piston
and the surface of the annular protrusion is designed to
ensure proper sealing performance and full opening dur-
ing the regenerating phase of the air-dyer, where the
purge function controlled by the purge signal S takes
place. Typically, the opening pressure of the purge-valve
in the so-called safety mode needs to be set high enough
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(usually more than 4 bar higher than the maximal working
pressure) to avoid leakage of the purge-valve 39 during
normal operation. Also, it ensures the tightness of the
air-drying device considering relaxation of the purge-
valve spring element 136 during its lifetime. This is com-
monly achieved by using additional washer configura-
tion, for example, two 0.5 mm washers to provide the
required spring compression. However, such large pres-
sure differences between cut-out or maximal working
pressure and safety opening pressure in the safety mode
is not acceptable in view of potential failures caused by
system overpressure. Furthermore, the adjustment of the
opening pressure in the safety mode is complex and time-
consuming. Also a large difference between maximal
working pressure and opening pressure in the safety
mode reduces the possibility of using purge-valve 39 in
application cases where the required difference is not so
large.

[0040] Figure 4 shows a circuit diagram of a purge
valve 100 in accordance with the invention and figure 5
shows a cross sectional view of the purge valve 100 in
accordance with the invention.

[0041] According to the circuit diagram of the purge
valve 100 shown in figure 4, the inlet line 101 is connect-
able to a firstexhaust passage 104 and a second exhaust
passage 112. Airflow through the first exhaust passage
is controlled by purge signal S that causes the solenoid
valve to switch to an open state. Airflow through the sec-
ond exhaust passage is controlled by valve member 114,
which is integrated within the solenoid purge valve, as it
will be explained below with respect to Fig. 5. Both pas-
sages lead to an outlet line 103 that leads to an exterior
of the purge valve 100.

[0042] As shown in Fig. 5, the purge valve 100 com-
prises a purge-valve body 102 that forms a first exhaust
passage 104 that connects an inlet line 101 to an outlet
line 103 that is in turn connected to an exterior 106 of the
purge valve 100. A purge-valve piston 108 is arranged
inside the purge-valve body 102 to control a flow of ex-
haust air from the inlet line 101 through the first exhaust
passage 104 to the outlet line 103. The shape of the
purge valve body and an outer shape of the purge-valve
piston can be essentially the same as those of purge
valve 39 of Fig. 3, so that an existing purge valve 39 can
be replaced by purge valve 100. As in the case of purge-
valve 39 of Fig. 3, the purge-valve piston 108 of purge-
valve 100 is actuable upon reception of a purge signal
S. The purge-valve piston 108 of purge valve 100 further
comprises a through opening 110 that is configured to
form a second exhaust passage 112 for connecting the
inlet line 101 to the outlet line 103. The second exhaust
passage 112 is established separately from the first ex-
haust passage 104, as it can be seen in the circuit dia-
gram of Fig. 4.

[0043] Also, asindicated in Fig. 5, a valve member 114
is arranged in the through opening 110. The valve mem-
ber 114 is configured to control a flow of exhaust air
through the second exhaust passage 112. The valve
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member 114 is arranged and configured to be actuated
by pressurized air when a pressure value of the pressu-
rized airintheinletline 101 exceeds a threshold actuation
pressure, or, in other words a safety opening pressure.
[0044] The purge valve 100 is suitable for air-drying
device, such as air-drying device 200. As shown in Fig.
5, the solution with integrated safety valve function in the
form of valve member 114 is implemented directly into
the purge-valve piston 108. The exemplary purge-valve
100 allows a decrease in the differences between cut-
out or maximal working pressure and safety opening
pressure to around 1:1.5. Moreover, the integration of an
additional safety function in an already existing purge-
valve body 102 does not affect the external dimensions
thereof.

[0045] Inthe purge valve 100 of Fig. 5, the valve mem-
ber 114 comprises avalve-body 116 formed by the purge-
valve piston 108. Further, the valve member 114 com-
prises a valve-piston 118 that is arranged inside the
through opening 110 and configured to actuate against
a spring force of a valve spring element 120. This valve
spring element 120 is different from the purge-valve
spring element 136, thus enabling a decoupling of the
purging function and the safety function.

[0046] The valve member 114 advantageously com-
prises an adjusting nut 122 that is arranged inside the
through opening 110. The adjusting nut comprises an
annular recess 124 that is arranged and configured to
house the valve spring element 120 and a central recess
126 arranged and configured to house a piston rod 128
attached to the valve-piston 118. In this annular recess
forms part of the second exhaust passage and it provides
a seat for the valve spring element 120 while having
openings that let the air flow through them. The value of
opening pressure i.e. the threshold actuation pressure
can be set using the adjusting nut 122, which is more
precise and less time consuming than the known adjust-
ing process using washers described above with refer-
ence to Fig. 3. Additionally, the integrated valve member
avoids the need of using an external safety valve and
also reduces the cost production since no additional port
and its machining is required.

[0047] The purge-valve piston 108 advantageously
comprises at least an air-passage window 130 arranged
on a peripheral wall of the purge-valve piston 108 and
configured as an air-inlet of the second exhaust passage
112. The air-passage window 130 is arranged radially
and forms a first section of the second exhaust passage
122. Air in the air-passage window acts against a valve
seat 119 of the valve member 114.

[0048] The purge-valve body 102 of purge-valve 100
also comprises at least one inlet window 132 arranged
on a peripheral wall of the purge-valve body 102 and
configured as an air-inlet of the first exhaust passage
104. In particular, in a closed state of the purge valve
100, a distance between a purge-valve seat 134 and the
inlet window 132 is less than a distance between said
purge-valve seat 134 and the air-passage window 130
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inthe purge-valve piston 108. Such a configuration where
the position of the air-passage windows 130 is above that
of the inlet windows 132 avoids possible contamination
due to oil particles and moisture at the integrated valve
member 114.

[0049] The reception of the purge signal S (see Fig. 4)
triggers a provision of pressurized air that exerts a pres-
sure P on a distal top end 109 of the purge-valve piston
108, which causes the purge-valve piston 108 to actuate
againstthe spring force of the purge-valve spring element
136, thereby opening the first exhaust passage 104.
[0050] Fig.6 shows a schematic diagram of another
pressurized air-based system, in the form of an air-based
braking system 301. An air-based braking system or,
more formally, a compressed air brake system, is a type
of friction brake for vehicles in which compressed air
pressing on a piston is used to apply the pressure to the
brake pad needed to stop the vehicle. Air brakes are ad-
vantageously used in large heavy vehicles, particularly
those having multiple trailers, which must be linked into
the brake system, such as trucks, buses, trailers, and
semi-trailers.

[0051] The pressurized air-based systems 300 of Fig.
1 and 301 of Fig. 6 can be used in a commercial vehicle,
as it will be explained with reference to Fig. 7. The air-
based system 301 comprises a compressed-air supply
unit 302, for instance a compressor, which is arranged
and configured to provide compressed air to the air-
based system. The air-based system comprises an air-
drying device 200 with a purge-valve in accordance with
the invention, which is connected to the compressed-air
supply unit 302 and configured to receive the com-
pressed air, to dry the received compressed air and to
provide dried air via an outlet port. The air-based system
also comprises a dried-air reservoir 304 or dried-air sup-
ply, which is connected to the outlet port of the air-drying
device 200 and configured to store dried air. The air-
based braking system comprises a braking unit 306. Ad-
ditionally, as indicated by the dotted line, the pressurized
air-based system 300B can also supply dried air for op-
eration of a suspension unit 90, as explained above with
reference to Fig. 1. The braking unit 306 and/or the sus-
pension unit 90 are connected to the dried-air reservoir
304. The braking unit 306 is configured to apply a braking
force to wheels of the vehicle upon provision of dried air
from the air-reservoir 304. The suspension unit 90 is con-
figured to apply damping function on the vehicle upon
provision of dried air from the air-reservoir 304. Damping
generally refers to the control of motion or oscillation, as
seen with the use of hydraulic/pneumatic gates and
valves in a vehicle’s shock absorber. Damping controls
the travel speed and resistance of the vehicle’s suspen-
sion. An undamped car will oscillate up and down. With
proper damping levels, the vehicle will settle back to a
normal state in a minimal amount of time. Most damping
in modern vehicles can be controlled by increasing or
decreasing the resistance to fluid flow in the shock ab-
sorber.
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[0052] Regarding the air-drying device 200 of Fig. 6, it
comprises an inlet unit 204 for receiving air from the air-
supply device 302 of the pressurized air-based system
300. Further, an outlet unit 206 is configured for providing
dried air to a dried-air reservoir 304 of the pressurized
air-based system 300. A drying unit 208 comprises a first
port 210 connected to the inlet unit 204, a second port
212 connected to the outlet unit 206, and a drying cham-
ber 214 arranged between the first port 210 and the sec-
ond port 212 and typically comprising a desiccant mate-
rial and sometimes additionally a filtering unit for particles
or oil. Furthermore, a purging unit 216 is connected to
the first port 210, wherein the purging unit216 comprises,
a purge valve 100 according to the invention. The inlet
line 101 is connected to the first port 210, and the purge
valve 100 is arranged and configured to control a flow of
exhaust air from the inlet line 101 to the outlet line 103
through the first exhaust passage 104 and through the
second exhaust passage 112 as explained above with
reference to figures 4 and 5.

[0053] Fig. 7 shows a schematic block diagram of a
commercial vehicle according 400 to the invention. The
commercial vehicle comprises a suspension system that
includes a suspension unit 90 connected to the wheels
402 of the vehicle 400. As stated above, the suspension
unit includes the system of tires, tire air, springs, shock
absorbers and linkages that connects the vehicle 400 to
its wheels 402 and allows relative motion between the
two. The suspension system 300 is advantageously con-
figured to apply damping function on the vehicle 400
based on the provision of dried air from the air-reservoir
304 to the suspension unit 90. The commercial vehicle
400 also comprises a braking system that includes a
braking unit 306, wherein typically compressed air press-
ing on a piston is used to apply the pressure to the brake
pad needed to stop the vehicle 400. The commercial ve-
hicle may comprise an electronic control unit 450 which
is connected (see dotted lines in Fig. 7) to the com-
pressed-air supply unit 302, the air-drying device 200
comprising a purge valve 100 in accordance with the in-
vention and optionally also to the air reservoir 304, and/or
to the suspension unit 90 and/or to the braking unit 206
and configured to control operation of the compressed-
air supply unit 302 and of the air-drying device 200, for
example by providing the purge signal S. For instance,
the electronic control unit may receive status information
from the air reservoir 304, for example pertaining to the
pressure of the air stored therein, or from the braking
and/or suspension units 306, 90, for example pertaining
its current operation, and based on the received status
information, operate the compressed-air supply unit 302
and the air-drying device 200 in accordance with prede-
termined operation parameter.

[0054] Insummary, the invention is directed to a purge
valve with an integrated safety function, suitable for an
air-drying device. In the purge valve, a purge-valve body
forms a first exhaust passage for connecting an inlet line
to an outlet line. A purge-valve piston is arranged inside
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the purge-valve body to control a flow of exhaust air
through the first exhaust passage upon reception of a
purge signal. The purge-valve piston comprises a
through opening being configured to form a second ex-
haust passage for connecting the inlet line to the outlet
line. A valve member is arranged in the through opening
and is configured to control a flow of exhaust air through
the second exhaust passage. The valve member is con-
figured to be actuated by pressurized airwhen a pressure
value in the inlet line exceeds a threshold actuation pres-
sure.

[0055] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
[0056] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality.

[0057] A single unit or device may fulfill the functions
of several items recited in the claims. The mere fact that
certain measures are recited in mutually different de-
pendent claims does not indicate that a combination of
these measures cannot be used to advantage.

[0058] Any reference signs in the claims should not be
construed as limiting the scope.

LIST OF REFERENCE SIGNS (PART OF THE DE-
SCRIPTION)

[0059]

0 Air supply

0.1 Filter

1 Compressed air supply

2 Compressed air connection
3 Vent port

3.1 Filter

10 Compressed air supply installation
20 Compressed airline

21 Air compressor

22 Air-drying unit

30 Venting line

31 First throttle

32 Second throttle

39 Purge valve

40 Controllable solenoid valve arrangement
43 Solenoid part

44 Pneumatic part

65 Control line

90 Suspension unit

91 Bellow

92 Air-reservoir

93 Solenoid valve

94 Solenoid valve

95 Header

96 Valve manifold
100 Purge valve
101 Inlet line
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102  Purge-valve body

103  Outlet line

104  First-exhaust passage

106  Exterior, environment

108  Purge-valve piston

109  Top of purge-valve piston
110  Through opening

112  Second exhaust passage
114  Valve member

116  Valve body

118  Valve-piston

119  Valve seat of valve member
120  Valve spring element

122 Adjusting nut

124  Annular recess

126  Central recess

128  Piston rod

130 Air-passage window

132  Inlet window

134  Valve seat

136  Purge-valve spring element
138  Annular protrusion

200  Air-drying device

204  Inlet unit

206  Outlet unit

208  Air-drying unit

210  First port

212  Second port

214 Drying chamber

216  Purging unit

218  Air-flow control unit

220  Safety valve

222  Safety-valve body

224  Safety-valve piston

226  Safety-valve spring element
230 Purge valve

300 Air-based suspension system
301  Air-based braking system
302 Compressed-air supply unit
304  Dried-air reservoir

306  Braking unit

400 Commercial vehicle

402  Wheel

450  Electronic control unit
M Motor

P Pressure

S Purge signal

Claims

1. A purge valve (100) for an air-drying device (200),
the purge valve (100) comprising:

- a purge-valve body (102) forming a first ex-
haust passage (104) for connecting an inlet line
(101) to an outlet line (103) connected to an ex-
terior (106) of the purge valve (100); wherein
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- a purge-valve piston (108) is arranged inside
the purge-valve body (102) to control a flow of
exhaust air from the inlet line (101) through the
first exhaust passage (104) to the outlet line
(103); wherein the purge-valve piston (108) is
actuable upon reception of a purge signal (S),

characterized in that

- the purge-valve piston (108) further comprises
a through opening (110) being configured to
form a second exhaust passage (112) for con-
necting theinletline (101) to the outlet line (103),
the second exhaust passage (112) being estab-
lished separately from the first exhaust passage
(104), and wherein

- a valve member (114) is arranged in the
through opening (110) and the valve member
(114) is configured to control a flow of exhaust
air through the second exhaust passage (112),
wherein the valve member (114)is arranged and
configured to be actuated by pressurized air
when a pressure value of the pressurized air in
theinletline (101) exceeds a threshold actuation
pressure.

The purge valve (100) of claim 1, wherein the valve
member (114) comprises a valve body (116) formed
by the purge-valve piston (108).

The purge valve (100) of claim 1 or 2, wherein the
valve member (114) comprises a valve piston (118)
configured to actuate againsta spring force of a valve
spring element (120).

The purge valve (100) of claim 3, wherein the valve
member (114) further comprises an adjusting nut
(122) arranged inside the through opening (110) and
comprising an annular recess (124) arranged and
configured to house the valve spring element (120)
and a central recess (126) arranged and configured
to house a piston rod (128) attached to the valve
piston (118).

The purge valve (100) of any of the preceding claims
wherein the purge-valve piston (108) comprises at
least an air-passage window (130) arranged on a
peripheral wall of the purge-valve piston (108) and
configured as an air-inlet of the second exhaust pas-
sage (112).

The purge valve (100) of claim 5, wherein the purge-
valve body (102) comprises atleast one inlet window
arranged on a peripheral wall of the purge-valve
body (102) and configured as an air-inlet of the first
exhaust passage (104)

The purge valve (100) of claim 6, wherein in a closed
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state of the purge valve (100), a distance between
a purge-valve seat (134) and the inlet window (132)
is less than a distance between said purge-valve
seat (134) and the air-passage window (130) in the
purge-valve piston (108).

The purge valve of any of the preceding claims,
wherein the reception of the purge signal triggers a
provision of pressurized air that exerts a pressure
(P) on a distal end (109) of the purge-valve piston
(108), which causes the purge-valve piston (108) to
actuate against a spring force of a purge-valve spring
element (136) thereby opening the first exhaust pas-
sage (104).

Air-drying device (200) for drying airin a pressurized-
air based system (300, 301) fora commercial vehicle
(400), the air-drying device (200) comprising:

- an inlet unit (204) for receiving air from an air-
supply device (302) of the pressurized air-based
system (300, 301);

- an outlet unit (206) for providing dried air to a
dried-air reservoir (304) of the pressurized air-
based system (300);

- a drying unit (208) comprising a first port (210)
connected to the inlet unit, a second port (212)
connected to the outlet unit, and a drying cham-
ber (214) arranged between the first port (210)
and the second port(212) and comprising a des-
iccant material;

- a purging unit (216) connected to the first port
(210), wherein the purging unit (216) comprises,
- a purge valve (100) according to any of the
preceding claims, wherein the inlet line (101) is
connected to the first port, the purge valve (100)
being arranged and configured to control a flow
ofexhaustairfromtheinletline (101) to the outlet
line (103) through the first exhaust passage
(104) and through the second exhaust passage
(112).

10. The air-drying device (200) of claim 9, wherein the

1.

drying unit (208) is configured to be operated in a
charging mode and a regenerating mode, wherein
in the charging mode, the drying unit is configured
to receive air through the first port (210), to dry the
received air and to provide dried air through the sec-
ond port (212) to the outlet unit (206), and, in the
regenerating mode, the drying unit is configured to
receive dried air through the second port (212) and
to provide exhaust air through the first port (210).

The air-drying device (200) of claim 9 or 10 further
comprising a safety valve (220) connected to the inlet
unit and configured to allow flow of air to the exterior
when a pressure inside the air-drying device ex-
ceeds a second predetermined threshold actuation
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10

12.

13.

14.

pressure.

The air-drying device (200) of claim 11, wherein the
second predetermined threshold actuation pressure
is higher than the predetermined threshold actuation
pressure for allowing exhaust air through the second
exhaust passage (112) in the purge-valve piston
(108).

A pressurized air-based system (300, 301) fora com-
mercial vehicle (400), in particular an air-based brak-
ing system (301) and/or an air-based suspension
system (300), the pressurized air-based system
comprising:

- an air supply unit (302), in particular a com-
pressor, for supplying air;

- an air-drying device (200) according to one of
the claims 9 to 11, arranged and configured to
receive air from the air supply unit, to dry the
received air and to provide dried air to a dried-
air reservoir (304)

- a pressurized air-based actuator (306, 90), in
particular a brake unit (306) or a suspension unit
(90), configured to operate using dried air from
the dried-air reservoir (304).

A commercial vehicle (400) comprising a pressu-
rized air-based system (300, 301) according to claim
13.
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